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Abstract	
This	paper	aims	to	explain	the	uncertainties	in	satellite	rainfall	estimation	due	to	
existence	of	very	high	near	surface	rain,	but	with	relatively	low	cloud	top	height	
over	 Indonesian	 maritime	 continent	 (MC).	 More	 than	 15	 years	 of	 satellite	
precipitation	data	recorded	by	tropical	rainfall	measuring	mission	(TRMM)	were	
used	 in	 this	analysis.	The	result	reveals	a	 large	discrepancy	between	the	active	
precipitation	radar	(PR	2A25)	and	passive	microwave	 imager	(TMI	2A12)	over	
land	surface.	PR	identifies	low	storm	top	height	associated	with	large	downward	
increase	 of	 radar	 reflectivity.	 In	 contrast,	 TMI	 identifies	 large	 ice	 scattering	
associated	with	higher	storm	top	height,	but	with	lower	rain	rates	near	surface.	
Further	 investigation	 identifies	 larger	 relative	 humidity	 and	 upward	 vertical	
velocity	at	middle	part	of	the	troposphere	for	the	low	storm	height	extremes.	This	
condition	represents	a	larger	condensation	around	300‐500	hPa	level,	but	less	for	
the	 upper	 part.	 As	 a	 result,	 it	 produces	 lower	 amount	 of	 ice	 at	 the	 upper	
troposphere,	contrasting	to	the	type	of	extreme	precipitation	identified	by	TMI.	
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I.	Introduction	
Indonesian	 Maritime	 Continent	 is	 one	 of	 the	 tropical	 area	 with	 largest	
precipitation	over	the	globe.	Characteristics	of	precipitating	cloud	over	this	area	
has	 been	 studied	 intensively	 especially	 with	 advancements	 of	 meteorological	
satellites	in	measuring	precipitation.	In	early	development	of	 the	measurement,	
indirect	measurement	depends	on	cloud	top	brightness	temperature	(TB)	were	
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used,	 for	example	 that	was	 implemented	by	Goddard	Precipitation	 Index	(GPI),	
which	measures	area	with	significantly	low	TB		to	estimate	existence	of	ice	at	the	
top	of	clouds	as	a	proxy	to	determine	rain‐rate	(NASA	GFSC,	2014).		
The	 most	 successful	 mission	 in	 retrieving	 rain‐rate	 based	 on	 satellite	
measurement	might	be	obtained	by	Tropical	Rainfall	Measuring	Mission	(TRMM).	
This	mission	provides	a	record	of	long	term	precipitation	climatology	for	16	years		
(1998‐2014),	 covering	 global	 tropics	 and	 subtropics	 between	 50˚N‐50˚S	
(Kummerow	et	al.	1998).	Current	precipitation	estimation	implemented	 	by	the	
TRMM,	are	based	on	active	and	passive	sensors.	The	active	sensor	might	be	the	
most	robust	method	in	measuring	precipitation,	since	it	is	the	first	satellite	that	
utilize	an	on‐board	radar	sensor	to	estimate	precipitation.	It	is	also	equipped	with	
a	microwave	radiometer	as	a	passive	sensor	measuring	brightness	temperature	
from	9	channels.	
Rain‐rate	 estimation	 using	 an	 active	 sensor,	 for	 example	 inside	 the	 TRMM	
Precipitation	 Radar	 (PR)	 are	 determined	 based	 on	 relationship	 between	 radar	
reflectivity	and	rain‐rate	(Iguchi	et	al.,	2000).		The	satellite	emits	electromagnetic	
energy	from	the	top	of	atmosphere	to	the	earth	surface	and	measure	the	reflected	
energy	 from	 atmospheric	 hydrometeors	 and	 its	 travel	 time.	 The	measurement	
therefore	could	 	produce	vertical	reflectivity	profiles	of	the	atmosphere	(Figure	
1:left).	The	reflectivity	profiles	are	then	converted	to	rain‐rate	based	on	rain	rate	
(R)	‐	reflectivity	(Ze)	relationship,	considering	shape	and	drop	size	distribution	of	
the	particles	(a&b):	
b
eaZR  	
Rain‐rate	estimation	using	passive	microwave	sensor,	on	the	other	hand,	measure	
the	 trace	 of	 longwave	 emission	 emitted	 by	 hydrometeors	 particles	 in	 the	
atmosphere	 (Kummerow	 and	Giglio,	 1994).	 If	 the	 atmosphere	 contains	 a	 large	
number	 of	 cloud	 particles,	 a	 higher	 longwave	 emission	 is	 obtained	 (Figure	
1:middle).	 	 An	 exception	 is	 given	 over	 land	 due	 to	 influence	 of	 land	 surface	
emission.		The	variation	of	the	land	surface	emission	often	produce	large	noises	to	
the	 emission	 channels.	 As	 a	 result,	 the	 rain‐rate	 estimation	 could	 only	 be	
determined	by	trace	of	ice	crystal	emission	at	the	top	of	clouds	(Figure	1:right).	In	
this	case,	precipitation	are	detected	at	a	significantly	low	brightness	temperature	
since	abundant	ice	particles	will	produce	low	brightness	temperature	as	well	as	
higher	precipitation	rate.	
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Figure 1. Different principle in satellite rainfall estimation from an active radar sensor 
(left), passive radar sensor over ocean (middle), and land  (right). 
source:http://www.eorc.jaxa.jp/GPM 
	
II.	Underlying	process	between	extreme	rain	and	Deep	convection	
Although	 the	 rain‐rate	 estimation	 from	 satellite	 seems	 to	 be	 robust,	 there	 are	
significant	discrepancies	between	 the	 active	and	passive	 sensors,	 as	well	 as	 its	
ground	validation.	Many	studies	indicated	that	the	discrepancies	are	large	in	the	
regional	scale	than	the	global	scale.	This	condition	exist	especially	due	to	different	
cloud	microphysics	and		precipitation	characteristics	at	each	region,	for	example	
between	convective	and	stratiform	precipitation.	
Over	 the	 tropics,	 extreme	 rain	 events	 are	 often	 associated	 with	 the	 deep	
convective	 process.	 The	 process	 started	 to	 develop	 by	 development	 of	 low	
pressure	system	due	to	a	large	amount	of	heat	received	by	earth	surface	and	force	
an	 upward	 instability.	 At	 initial	 stage,	 a	 small	 cumulus	 cloud	 formed	 due	 to	
condensation	of	water	vapor	at	lower	level	(Figure	2:growing).	The	condensation	
process	release	latent	heat	to	the	atmosphere,	which	in	turn	push	the	condensed	
water	continuously	upward.	At	this	stage,	snow	and	ice	crystal	are	formed	due	to	
low	temperature	below	freezing	level	(Figure	2:mature).		
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The	 highest	 precipitation	 is	 often	 associated	 with	 maximum	 cloud	 growth	
indicating	 the	 beginning	 of	 dissipating	 stage.	 The	 maximum	 growth	 obtained	
where	significant	cloud	top	height	are	obtained,	 forming	a	 flat	 top	where	cloud	
particles	could	not	penetrate	the	top	part	of	atmosphere,	and	colliding	each	other	
(Figure	2:dissipating).	The	collision	between	cloud	particles	yields	larger	drops,	
which	are	moving	down	due	to	gravity.	Intense	collision	between	cloud	particles	
are	increasing	while	the	droplets	moving	down,	as	combined	with	the	coalescence	
process.	Near	the	earth	surface,	the	droplets	melt	and	becomes	rain	which	then	
reaching	the	ground.			
	
Figure	2.	Phases	of	convective	cloud	development	corresponding	to	heavy	
rainfall	system	(Shepherd,	2013)	
III.	The		Maritime	Continent	Low	Storm	Top	Height	Extreme	
Although	 the	 conceptual	 relationship	 between	 storm	 top	 height	 and	 rain‐rate	
seems	 to	 be	 reasonable,	 recent	 research	 conducted	 by	 Hamada	 et	 al.	 (2015)	
indicates	that	extreme	precipitation	at		several	region	over	the	tropics	have	lower	
storm	top	height	 than	the	others,	 including	 the	Indonesian	Maritime	Continent.		
This	paper	aims	to	identify	the	properties	of		low	storm	top	height	extremes	over	
the	study	area	based	on	more	than	15	years	of	TRMM	observation,	as	well	as	the	
discrepancies	between	the	active	and	passive	sensors.		
In	this	study,	active	sensor	derived	rain‐rate	data	TRMM	PR	2A25	were	utilized,	
as	well	as	the	passive	sensor	from	TMI	2A12	product.	As	a	comparison,	merged	
infrared/Microwave,	adjusted	with	ground	observation	available	as	TMPA	3B42	
were	 used.	 	 Cloudsat	 reflectivity	 data	 were	 also	 utilized	 to	 clearly	 explain	 the	
discrepancies.	The	TRMM	PR	measures	reflectivity	of	precipitating	rain	drop	at	
10.3	GHz,	while	CloudSat	measure	reflectivity	at	94	GHz,	in	which	smaller	cloud	
particles	could	be	 identified.	 In	this	analysis,	we	focus	on	extreme	precipitation	
events,	defined	as	the	uppermost	1%	of	the	near	surface	rain‐rate	distribution.	All	
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of	the	three	data	were	collocated	to	0.25	square	degree	resolution	with	maximum	
time	differences	around	3	hours	among	each	other.		
The	 comparison	 between	 the	 three	 satellite	 precipitation	 estimation	 data	
indicates	that	under	extreme	rain	events	reveals	that	the	active	sensor	measures	
the	higher	extreme	than	the	passive	sensor	near	the	ground	level	(Figure	3:top).		
This	condition	 is	 related	 to	differences	between	environmental	profiles	of	each	
extreme	 events.	 Over	 land	 surface,	 the	 passive	 sensor	 identify	 less	 humid	
environment	at	the	middle	of	troposphere.	Further	investigation	reveals	that	the		
rain	events	identified	by	the	active	sensor	over	land	have	lower	storm	top	heights	
compared	to	the	passive	sensor	at	a	given	rain	rate	(Figure	3:bottom).		Those	low	
storm	 height	 extreme	 events	 are	 somehow	 could	 not	 be	 detected	 by	 passive	
sensor.	It	is	likely	that	this	condition	represent	a	condition	where	water	content	
are	abundant	at	middle	level,	but	with	less	ice	at	the	upper	atmosphere.	Therefore	
the	 passive	 microwave	 sensor	 miss	 this	 kind	 of	 extreme	 event	 since	 it	 only	
depends	on	the	existence	of	ice	in	the	top	of	cloud.			
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 Figure	3.	Vertical	profile	of	uppermost	1%	extreme	rainfall	based	on	collocated	
TRMM	PR	active	sensor	(top)	its	corresponding	relative	humidity	(middle),	and	
its	relationship	with	storm	top	height	(bottom)	 
A contrast condition could be observed from the ocean compared to the land surface. 
Over ocean, the passive sensor detects events that has higher humidity at middle 
troposphere, but somehow less precipitating than the extreme events identified by the 
active sensor. Further investigation identifies that although the extreme events 
identified by the passive sensor have almost similar storm top heights to those identified 
by the active sensor, they are generated by different precipitation system. Most of the 
extreme events identified by the passive sensor are generated by stratiform 
precipitation, while the active sensor identify convective precipitation (Figure 4). 
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 Figure	4.		Difference	of	TRMM	PR	active	sensor	reflectivity	over	ocean		(left)	and	
its	corresponding	convective	fraction	between	PR	active	sensor	extreme	and	TMI	
passive	sensor	extreme	events.	
	
IV.	Low	cloud	height	extreme	rain	events	identified	by	CloudSat	
To clearly identify the discrepancies between active and passive sensors over ocean, 
comparison of CloudSat radar reflectivity data along the TRMM tracks were generated. 
Two snapshot representing an active sensor extreme and a passive sensor extreme 
rainfall are shown in Figure 5. At the upper left, an considerable rain-rate has been 
identified by the active sensor, but less for the passive sensor. At the lower left, the 
passive sensor identify a considerable amount of rainfall, as well as the active sensor. 
However,  the extreme event identified by the passive sensor has larger humidity at a 
dense vertical column of the atmosphere, as shown in the lower right part of the figure.   
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 Figure	5.		Two	snapshots	comparing	TRMM	PR	active	sensor	extreme	events	
(upper	left)	and	TRMM	TMI	passive	sensor	events	(lower	left).	Its	corresponding	
vertical	velocity	and	humidity	are	shown	in	the	right	part.	
	
The result of the above comparison are shown in Figure 6. At the upper part, CloudSat 
reflectivity are shown, as well as the TRMM active sensor reflectivity at the lower part. 
The result shows a clear difference between the two types of extremes. At the left figure, 
it reveals that higher rain rate are not always have high cloud top, but possible to be 
occur at lower level, but with considerable amount of water content near the freezing 
height. At the right part of the figure, a higher cloud height are obtained by the passive 
sensor, however, it has less rain rate as identified from the bottom part. It means that 
although this kind of extreme seems to have a massive cloud structure, the amount of 
cloud particles washed out by rains are less.  
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 Figure	6.	Comparison	of	CloudSat	reflectivity	(upper)	and	TRMM	PR	active	
sensor	reflectivity	(lower)	of	the	two	snapshots	shown	in	Figure	5.			
 
V.	Discussion	and	Conclusion:	Sensor	Discrepancies	Corresponding	to	
Cloud	Phase	
The main result in this research reveals that extreme rainfall over the Indonesian 
Maritime Continent have a weak association with the highest cloud. This condition is 
found from both land and ocean. Over ocean, the passive sensor often mistaken 
abundant ice particles over the upper troposphere as an indicator of heavy rainfall, 
whilst less water content found at the middle troposphere. Over ocean, tall structure of 
stratiform clouds with high humidity often mistaken as heavy rainfall condition. 
However, it is less precipitating at the lower level.  
An interesting property related to heavy rainfall over the ocean as observed from the 
active sensor is that it has less water content over a dense vertical column, as identified 
from the passive sensor. This kind of extreme seems to have a considerable amount of 
water content at lower level, but less at upper level. This condition might be exist due 
to different cloud phase explained in Figure 1. In this case, the extreme might be occur 
further in decaying phase where intense collision and coalescence occur. Further 
investigation reveals that the low storm top height extreme has higher cloud effective 
radius due to the collision and coalescence process of the cloud particles, while for the 
tallest cloud structure identified by the passive sensor, a smaller radius are found, 
indicating a earlier stages of precipitation development. However, further investigation 
are required to address the detailed explanation of this process.      
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